Loxodonta africana (African Elephant) are running out of living space so the protection of what space they have is essential. Existing areas of suitable elephant habitat need to be protected not only from human development but from the elephants themselves.
INTRODUCTION

The Elephant Issue
The once abundant, free roaming, African elephant (Loxodonta africana) has dwindled to a mere fraction of their once prolific numbers. Less than 700 000 elephants are estimated to be left in Africa (Blanc, Barnes, Craig, Dublin, Thouless, DouglasHamilton, 2007) . This has resulted in the African elephant being listed as Cites Appendix 1 throughout most of Africa (In Southern Africa elephants have been reclassified as an Appendix 2 species)
Growing human populations and increasing human-elephant conflict has forced stakeholders to cluster the remaining elephants into relatively small areas (compared to their once unlimited space) Yough & Van Aarde (2011) . In South Africa these 'Reserves' are protected by means of electrified fencing, preventing the elephants from roaming freely. Within these boundaries they are cut off from their traditional seasonal migration routes, essential natural resources as well as from other elephant populations.
A drawback of the very successful conservation efforts in South Africa is that the elephant numbers in these confined Reserves are indeed increasing at an alarming rate ( Mackey, Page, Duffy & Slotow, 2005) and have exceeded the outdated 'carrying capacity' of the larger reserves such as the Kruger National Park (KNP). These growing numbers have instigated remedial action from the KNP managers with processes such as culling and translocation to other reserves (Blanc et al, 2007) . These methods were (and still remains) unpalatable to the larger society and new actions were required. The Minister of Environment Affairs and Tourism (DEAT, 2008) has promulgated new norms and standards for elephant management in South Africa. This forced all owners or custodians of elephant to develop and implement an "Elephant Management Plan" (XXX). This was applicable to all national, provincial and private reserves and parks.
During the 1960's and 70's elephants could only found in four areas in South Africa namely: Kruger National Park (±6000 elephants), Addo Elephant Park (± 120 elephants), Knysna Forest (± 25 elephants) and northern KwaZulu/Natal (±200-300 elephants) (Blanc et al, 2007) . The last named two areas were the only places where the elephants were still free roaming but due to human-elephant conflict their number were decreasing rapidly.
Population-habitat viability
"In short, the African elephant is a most attractive species, a 'flagship' animal, representing the widespread savannas and woodlands of Africa." (Mundy, 2006, p588) . The overpopulation of elephants in Kruger National Park was at first mitigated by re-locating entire elephant herds to smaller reserves and parks. This included public reserves such as Marakele, Pilansberg, and Mapungubwe as well as private conservation areas such as Welgevonden, Phinda and Thanda. The Management of the medium and small sized reserves were keen to re-locate the KNP elephants due to their popularity as tourist draw cards and to increase tourism revenue.
Elephant characteristics and demographics
The elephant is a 'megaherbivore' and is the world's largest land-living mammal, with mature bulls weighing in at six tonnes and a height of more than 3.5 meters. In addition, it has lifespan estimated at 60-65 years (Owen-Smith, 1988) . Many ecologists consider them to be a 'keystone' species, one which is essential to maintaining an ecosystem. (Mundy, 2006) Elephants are water-dependent, and drink up to 200 litres per day. An adult elephant may consume up to 170 kg of browse and grass per day, largely perhaps because its digestive ability is so low: only 40% of what is ingested. It is this appetite that has produced the 'elephant problem'
In 1991 the total area utilized as elephant range comprised of 2.1% of the country and of these 75% where situated in one Reserve namely Kruger National Park which was habitat to 85% of all the country's elephants. The remaining 25% were 13% other national or provincial reserves and only 12% was privately owned. (Guldemond & van Aarde, 2007) (Mundy, 2006:p590-591) Elephant herbivory has been the objective of many studies, and as have been shown in some of these studies, elephants at high densities do negatively affect biodiversity (Cumming et al 1997 , Western & Gichohi 1989 . Coetzee et al. (1979) have already then reported a decline in Sclerocarya birrea (Marula trees) in the Satara area of KNP. -Up to 13% of Marula trees larger than 5m have been lost due to destructive damage by elephant. Eckhardt et al (2000) reported significant decline in large trees in both the granites and basalts of the KNP.
From research done by (Hiscocks, 1999) and (Johnson et al, 1999) it is clear that elephant do have a preference in their palate and that they prefer certain vegetation species above others. The following is a consensus of plant species that are preferred by elephants and also occur in all four the selected study areas: Sclerocarya birrea (Marula tree), Terminalia sericea, Dichrostachys cinerea (Sicklebush), Acasia nilotica, Acasia sieberana, Acasia robusta and Acasia burki. One aspect that can be deduced from this list is that the Acasia spesies are a favourite with elephant.
Elephant Management Plans
To successfully manage elephants, managers of conservation areas require knowledge about the rates at which their elephant populations may grow and what number and structure of relocated elephant population will be best their long-term conservation needs. (Mackey, Page, Duffy & Slotow, 2005) Even before the Norms and Standards for elephant management was made into policy (DEAT, 2008) KNP developed a new elephant management policy which differed from the old one in that the elephant population will be managed according to measured impacts on biodiversity rather than on absolute numbers of elephants (carrying capacity).
Managers of conservation areas are concerned that high elephant densities will harm biodiversity by degrading ecosystems (Owen-Smith, 1996; Whyte et al., 2003; Guldemond & van Aarde, 2007) . Culling, translocation and birth control are short term solutions and are ethically frowned upon (van Aarde et al., 1999; Pimm & van Aarde, 2001 ).
The size and structure of a reserve's desired elephant population will depend on the objectives of that reserve; for example, a reserve being managed for the conservation of biodiversity will want fewer elephants than a similarly sized reserve that stocks elephants for tourism or consumptive use. (Mackey et al, 2005) 
Role of Remote Sensing in Reserve Management
To understand the dimensions of the problem that conservation managers face, Yough & Van Aarde (2011) did research on the practises of the conservation managers in developing an 'elephant management plan' as prescribed by the DEAT policy (2008) .Of the 30 managers interviewed, all but one viewed science as an important basis for making decisions on elephant management and the maintenance of biodiversity.
Remote sensing, as a relatively new science, is seen as a useful instrument to assist conservation managers with the development and implementation of their respective elephant management plans.
When using satellite imagery the following aspects need to be considered with the elephant population management as well as general biodiversity base line studies and ecological assessment.
• Mapping the vegetation types and possible changes in biodiversity with regards to specie richness.
•
Mapping and detecting the changes that have occurred over time.
Mapping possible "refugia" sites for endangered species in the Park as well as the changes in the thicket patch and woody canopy sizes over time.
The possibility of identifying biomass (for carrying capacity and carbon sink potential) using satellite data.
• Cost implications of the data needed as well as image analysis needed in order to get results.
STUDY AREAS
Kruger National Park as flagship reserve in South Africa is (and has been) the focus of research for many years and by many different researchers, not only from South Africa but also from foreign researchers as far afield as the USA, Scandinavia, the UK and even other parts of the world. With all this interest on the largest conservation area there is unfortunately a severe lack of attention on the medium and smaller reserves and parks in South Africa, both private and government owned. This study focuses on four medium sized reserves (± 300km 2 ) listed in Table 1 . Figure 2 indicates the location of each of the reserves within the boundaries of South Africa and as can be seen the four reserves are divided into two zones. The first zone is in the more northern Limpopo province and the two reserves namely Marakele National Park and Welgevonden Private Nature Reserve are situated in a large area for conservation called the Waterberg Biosphere.
The second zone is from the KwaZulu/Natal Province but the main reason for the selection of these specific reserves was that they all have been hunted 'clean' from all mega-herbivores until 1990s when the translocation from the over-populated Kruger National Park took place and these specific reserves (with the exception of Tembe Elephant Park) were again stocked with elephants. Tembe is the exception since the elephant there are indigenous to that east coast area and the reserve established to protect those elephants from being poached and slaughtered during the civil war period in Mozambique.
Each of these reserves is unique in its purpose, conservation objectives and its management. Geographical location of the four reserves in South Africa
• Tembe Elephant Park: A private eco-tourism reserve owned by local rural community but managed by Ezemvelo KZN Wildlife, the Provincial government's conservation section. Tembe Elephant Park was originally established to protect the last remaining 'East Coast elephants' but has since broaden its objectives by primarily conserving the threatened Sand Forest and the Maputoland centre of plant endemism, unique to the northern KwaZulu/Natal east coast. Their second priority is the elephants and the third is the protection of the 'Suni' a rare and highly endangered small antelope. As can be seen from Figure  3 below the area is reasonably densely vegetated with patches of large Sand Forest trees and undergrowth. • Ithala Game Reserve: Ithala is a public owned conservation area, managed by the KwaZulu/Natal provincial government's Ezemvelo KZN Wildlife. Ithala was originally an amalgamation of a few large game farms that were sanctioned into a Reserve in 1982. Ithala differs from Tembe in that it represents the interior 'bushveld' ecosystems found between the high Drakensberg mountain range and the coast. The conservation objectives of Ithala are firstly to restore and conserve the natural biodiversity and ecological processes including the influence of the altitudinal gradient (see Figure 4) . Secondly to conserve conserve Red Data species including: Warburgia salutaris, Eugenia simmii and the rare Protea comptonii communities. Thirdly to maintain viable populations of black rhinoceros, white rhinoceros, tsessebe and oribi as priority species. • Welgevonden Private Nature Reserve Welgevonden Private Nature Reserve is as the name indicates owned by private individuals and companies with a large portion of the luxury lodges developed on the reserve, owned by foreign investors. These 14 lodges cater for tourists (mainly foreign) and therefore determine the conservation objectives for Welgevonden. As a tourist destination the conservation objectives focus mainly on maintaining viable populations of the "big five". Sustain a functioning local ecosystem and contribute to the conservation of the larger Waterberg Biome. The four reserves used for the research were selected based on similar characteristics which are fundamental for comparative research studies. The similarities of the four reserves used in the pilot study are as follows:
• Firstly, the size of each of the conservation areas are ± 300km 2 classing them all into the medium sized category for conservation areas (250-500 km 2 ).
•
The second similarity is the elephant population numbers ranging from 100+ and with proper elephant management plans in place these numbers are set to stabilize and remain within the prescribed parameters set out by the National Norms and Standards policy (DEAT, 2008) . This relates to an average elephant density of 0.39 elephants/ha.
The third similarity is the duration of elephant occupation. This is determined by the date of relocation of the elephants to each individual reserve and for Tembe, the date of enclosure from Mozambique. All the reserves have thus been exposed to the impact of elephant forage for an extended and continuous period of 15 years or more.
Comparing the impact of elephants are further extended by the fact that all four the conservation areas have basically similar vegetation types. There are also some tremendous differences in that Marakele and Ithala are both extremely mountainous with deep valleys and steep cliffs (figures 4&5). Tembe is however the opposite, in that it is very flat with only a slight undulations. Welgevonden is also in the mountains but does not have the steep cliffs and deep valleys and is situated on the higher more central region of the Waterberg.
ANALYSIS
3.1 Rationale "Most conservation practitioners rely on experience-based information for management decisions. In South Africa, government policy thus directs managers to base decisions for elephant management on the best available scientific information". (Young & Van Aarde 2011, p 876 ).
The research is rooted in the requirement of these smaller reserves to acquire much needed information on a regular basis over the whole extent of the reserve. Remote sensing and the use of satellite images are therefore ideal for this endeavour except for the fact that the reserve managers usually do not have the expertise to do the satellite image analysis and to use GIS for further enhanced spatial analysis. The first stage and pilot project of the research had the objective of illustrating to the reserve managers and conservation decision makers, the potential of satellite imagery and to demonstrate the advantages (and limitations) of imagery as a source of management information. These included the capabilities related to the temporal, spectral and to a smaller extend the spatial resolutions associated with universally available satellite imagery.
3.2
Method For the pilot phase of this research Landsat 5 and 7, SPOT 4, Quickbird and where possible Sumbandilesat images for each reserve were collected. Two of the images were from the date when the elephants were first relocated (for Tembe when first fenced in). The one image was selected to be from the summer (rainfall season) and one from winter (dry season).
To start the research spectral scans were done on those vegetation types identified previously as favourite forage for elephants. A hand-held multispectral radiometer was used (figure 8) to scan individually selected samples of each of the tree species. This multispectral radiometer was specifically designed and calibrated to scan spectral bands that correspond exactly with those of Landsat and SPOT as indicated in Table 7 . The scanning was done to resemble a passage from Landsat in that it was done at a time similar to when Landsat would have passed and from a direction corresponding to that of a Landsat orbit angle. 
RESULTS
NDVI was run on all the multispectral images for all four the reserves. Using Marakele to illustrate the process, two images taken over summer ten years apart are shown in Figure 9 . Note that the areas with higher values (more biomass) in the later image are predominantly within the lower lying Marakele National Park. Interestingly this correlates exactly with the area classified as Western Sandy Bushveld vegetation type (Mucina & Rutherford, 2006) . The comparison is based on a 25% change in the NDVI value per pixel and if the was a change of more than 25% the relevant pixel is green (if there was an increase) and red (if there was a decrease).
A similar process was done on the digital numbers of the spectral bands of the satellite images directly (Landsat bands 2, 3 and 4 were used) and again if a change of more than 25% was detected per corresponding pixel, it was coloured green for an upwards increase in value and red if the was a decrease. Figure  10 shows the changes detected using Landsat band 4 as NIR was found to be the most predominant indicator of vegetation. Figure 10 illustrates the changes detected (25% or more per pixel) when the two NDVI images were compared and also when the two satellite images using spectral band 4 were compared. Welgevonden, Tembe and Ithala also indicated patches of darker area but these are not likely to be fire related as it is not uniform. These darker areas are suspected to be caused by elephant browsing. Overall the later image (figure 9) appears lighter which would indicate an increase in vegetation over the area rather than a decrease. Rainfall data indicated both years to have been relatively dry but the preceding year has been a relatively wet year for Welgevonden. As commonly understood NDVI is used indicator of biomass and of vegetation production which is directly linked to rainfall, so the rainfall figures for the areas surrounding the four reserves were scrutinized to determine possible NDVI increases. Wessels et al. (1999) indicates that the relationship between remotely sensed measures of landscape and biological diversity is valuable in terms of biodiversity assessments and is beginning to be used as an important tool in integrated approaches to biodiversity assessment and conservation. The use of remote sensing has been found to be a successful method of determining vegetation change over time while also providing reliable information on vegetation composition (Liu et al, , 2008 , Brink & Eva, 2008 .
DISCUSSION
However the results from this study initially appear inconclusive. The change detection image generated suggests that the vegetation in Welgevonden has decreased over a ten year period, but there has been little change in Marakele. This study indicates (1) the value of NDVI variability as an indicator of landscape heterogeneity and biological diversity, and (2) the potential of integrating vegetation data from vegetation maps with the NDVI information to indicate landscape patterns of biological diversity.
At an annual increase of 7% the populations in the four reserves would have a density of ±2.15 elephants per km². This would lead to huge losses in biomass and likely diversity as well, as shown in Sengwa Wildlife Research Area where there was a reduction of 45% in biomass of woodland species over a five year period (Cumming 1981) when the elephant population density was at a similar level to what the population could be in the four reserves by 2020, if the elephant population grows at 7% per annum.
Management of the four reserves used in the study, in particular but all reserves conserving elephants, will need to decide whether they want to manage according to biodiversity or whether they want to manage to the elephants needs. Various management actions could include culling, contraception of female elephants or possible vasectomies of elephant bulls (this has been done successfully at Welgevonden Private Nature Reserve).
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